Introduction
============

Infantile hemangioma (IH) is one of the most common vascular tumors that occurs during childhood ([@b1-mmr-22-04-3358]). IH can lead to life-threatening disease owing to rapid growth and invasion of tumor cells. IHs consist of two phases: The proliferating phase and the involuting phase. The proliferating phase is characterized by dysregulated proliferation of the immature endothelial cells, whereas the involuting phase is characterized by the appearance of larger and fewer capillary-like vessels ([@b2-mmr-22-04-3358]). Although several genes have been reported to be involved during the development of IH ([@b3-mmr-22-04-3358],[@b4-mmr-22-04-3358]), the mechanism underlying IH progression is not yet completely understood.

Increasing evidence suggests that non-coding RNAs serve important roles during the progression of a number of diseases ([@b5-mmr-22-04-3358]). Long non-coding RNAs (lncRNAs) are a type of non-coding RNA that are \>200 nucleotides in length. Recently, a number of lncRNAs have been reported to have crucial roles during cancer cell proliferation, apoptosis and metastasis ([@b6-mmr-22-04-3358],[@b7-mmr-22-04-3358]). Microarray and RNA-sequencing methods have previously been used to analyze lncRNA expression profiles during IH, which identified differentially expressed lncRNAs and microRNAs (miRNAs/miRs), and allowed for competing endogenous RNA (ceRNA) and lncRNA-mRNA co-expression networks to be constructed ([@b8-mmr-22-04-3358],[@b9-mmr-22-04-3358]). Metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) is upregulated in IH tissues, and loss of MALAT1 expression has been shown to inhibit IH cell proliferation, migration and tube formation, and also promotes cell apoptosis by sponging miR-424 to inactivate the MEKK3/NF-κB signaling pathway ([@b10-mmr-22-04-3358]). Furthermore, the lncRNA linc00152 is upregulated in IH tissues, and loss of lin00152 expression inhibits cell proliferation and induces cell apoptosis by inactivating the AKT/mTOR and NOTCH1 signaling pathways ([@b11-mmr-22-04-3358]). The expression of linc00152 in hemangioma tissues was higher in the proliferating phase compared with the involuting phase. Depletion of linc00152 inhibited hemangioma tumor progression of by sponging miR-139-5p and by downregulating its target gene tumor protein D52 ([@b12-mmr-22-04-3358]).

Nuclear paraspeckle assembly transcript 1 (NEAT1) is an oncogenic lncRNA that confers docetaxel resistance in prostate cancer cells by sponging miR-204-5p and miR-34a-5p ([@b13-mmr-22-04-3358]). NEAT1 has been shown to enhance bladder cancer progression by negatively regulating miR-410 and positively regulating downstream HMGB1 ([@b14-mmr-22-04-3358]). During endometrial cancer, NEAT1 promotes cell proliferation, migration and invasion by sponging miR-144-3p, leading to the activation of its target gene enhancer, zeste 2 polycomb repressive complex 2 subunit ([@b15-mmr-22-04-3358]). However, the roles and mechanisms underlying NEAT1 during IH progression are not yet completely understood. Hypoxia-inducible factor 1α (HIF1α) is a crucial regulator during hypoxia-induced angiogenesis, but it is also involved in the growth of hemangiomas ([@b16-mmr-22-04-3358],[@b17-mmr-22-04-3358]). Curcumin-mediated downregulation of HIF1α inhibits the proliferation of human hemangioma endothelial cells (HemECs) ([@b18-mmr-22-04-3358]). Furthermore, by using starBase, NEAT1 was predicted as a ceRNA that regulates HIF1α by sponging miR-33a-5p ([@b19-mmr-22-04-3358]). Therefore, the roles of the NEAT1/miR-33a-5p/HIF1α axis during the tumorigenesis of IH along with the downstream regulatory mechanisms were assessed in the present study.

Materials and methods
=====================

### Tissue samples and cell line

Tissue specimens (n=12 patients/group), including normal subcutaneous tissues and infantile hemangioma tissues in the involuting stage (9 females and 3 males; median age, 7 months) and proliferating stage (10 females and 2 males; median age, 6 months), were obtained from patients at Kunming Children\'s Hospital (Kunming, China) between June 2016 and September 2018. Tissue samples were immediately frozen at −80°C until further analysis. The present study was approved by the Ethics Committee of Kunming Children\'s Hospital (approval no. 2018-005). Written informed consent was obtained from the parents/legal guardians of each patient.

HemECs were isolated from infant hemangioma tissues in the proliferating phase as previously described ([@b20-mmr-22-04-3358]). HemECs were cultured in human endothelial-serum free medium (Gibco; Thermo Fisher Scientific, Inc.) containing 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) with 5% CO~2~ at 37°C.

### Cell transfection

miR-33a-5p mimic, mimic negative control (NC) and small interfering (si)RNAs targeted against NEAT1 and HIF1α were purchased from Shanghai GenePharma Co., Ltd. The sequences were as follows: miR-33a-5p mimic, 5′-GTGCATTGTAGTTGCATTGCA-3′; mimic NC, 5′-TTCTCCGAACGTGTCACGTT-3′; NEAT1 si1, 5′-GCCATCAGCTTTGAATAAATT-3′; NEAT1 si2, 5′-TGGCTAGCTCAGGGCTTCAG-3′; HIF1α si1, 5′-GCAAGACGTTGTTTGAAATTT-3′; HIF1α si2, 5′-ACACACTGTGTCCAGTTAG-3′; NC siRNA, 5′-ACTGTTCTATGACTTGTCGTGAATA-3′. HemECs at 50--60% confluency were transfected with siRNA (50 nM) or miR-33a-5p mimic (50 nM) using Lipofectamine^®^ 3000 (Gibco; Thermo Fisher Scientific, Inc.) according to the manufacturer\'s protocol. Following incubation for 48 h at 37°C, reverse transcription-quantitative PCR (RT-qPCR) and western blotting were performed.

### Cell proliferation

At 24 h post-transfection, HemECs (1×10^4^ cells/well) were seeded into 96-well plates and cultured for 24, 72 or 120 h at 37°C. Subsequently, 10 µl Cell Counting Kit-8 (CCK-8) solution (Dojindo Molecular Technologies, Inc.) was added to each well and incubated at 37°C for 1 h, according to the manufacturer\'s protocol. The absorbance of each well was measured at a wavelength of 450 nm using a Bio-Rad 680 microplate reader (Bio-Rad Laboratories, Inc.). The relative proliferation was calculated by normalizing the absorbance of the NEAT1 si1- or si2-transfected cells to that of the NC group at the same time point.

### Migration and invasion assays

To assess invasion, the Transwell membranes were coated with Matrigel^®^ (BD Biosciences) for 1 h at 37°C. Subsequently, the membranes were hydrated in 100% FBS for 2 h at 37°C. A total of 1×10^5^ cells in serum-free culture medium were seeded into the upper chamber. Culture medium with 20% FBS was plated into the lower chambers. Following incubation at 37°C for 36 h, the Transwell membranes were stained with 0.1% crystal violet solution for 10 min at room temperature. The average number of invasive cells per field was assessed by counting 10 random fields under a light microscope (magnification, ×40). To assess migration, the aforementioned protocol was performed; however, the Transwell membranes were not pre-coated with Matrigel^®^.

### RT-qPCR

Total RNA was extracted from tissues and cells using the RNeasy Mini kit (Qiagen GmbH), according to the manufacturer\'s protocol. Total RNA was reverse-transcribed and miR-33a-5p expression was detected using the Hairpin-it™ qRT-PCR Primer Set for miR-33a-5p (Shanghai GenePharma Co., Ltd.). The other mRNAs were reverse-transcribed into cDNA using M-MLV reverse transcriptase (BioTeke Corporation) in the presence of oligo(dT) (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer\'s protocol. The expression levels of NEAT1, HIF1α and c-myc were determined by qPCR using the Power SYBR™ Green PCR master mix (Thermo Fisher Scientific, Inc.), according to the manufacturer\'s instruction. The PCR procedure was as follows: 95°C for 10 min; followed by 40 cycles of 95°C for 15 sec and 60°C for 1 min. The following primer pairs were used for qPCR: NEAT1 forward, 5′-GTGGCTGTTGGAGTCGGTAT-3′, reverse 5′-TAACAAACCACGGTCCATGA-3′; c-myc, forward 5′-GGCTCCTGGCAAAAGGTCA-3′, reverse 5′-CTGCGTAGTTGTGCTGATGT-3′; HIF1α, forward 5′-GAACGTCGAAAAGAAAAGTCTCG-3′, reverse 5′-CCTTATCAAGATGCGAACTCACA-3′; GAPDH, forward 5′-CCAGGTGGTCTCCTCTGA-3′, reverse 5′-GCTGTAGCCAAATCGTTGT-3′; U6, forward 5′-GCTTCGGCAGCACATATACTAAAAT-3′, reverse 5′-CGCTTCACGAATTTGCGTGTCAT-3′. mRNA and miRNA expression levels were quantified using the 2^−ΔΔCq^ method ([@b21-mmr-22-04-3358]), and normalized to the internal reference genes GAPDH and U6, respectively.

### Western blotting

Total protein was extracted using RIPA protein extraction buffer (Beyotime Institute of Biotechnology) and quantified using the BCA Protein assay kit (Beyotime Institute of Biotechnology). Equal amounts of proteins (7--10 µg) were separated by 10% SDS-PAGE and transferred to a PVDF membrane (EMD Millipore). After blocking with 5% skimmed milk for 1 h at room temperature, the membrane was incubated at 4°C overnight with the following primary antibodies: Anti-HIF1α (cat. no. ab51608; 1:1,000; Abcam), anti-NF-κB (p65; cat. no. ab16502; 1:1,000; Abcam), anti-phosphorylated (p)-NF-κB (p-p65; cat. no. ab86299; 1:1,000; Abcam) and anti-β-actin (cat. no. 66009-1-IG; 1:20,000; ProteinTech Group, Inc.). Subsequently, the membrane was incubated with horseradish peroxidase-conjugated goat anti-rabbit IgG (1:5,000; cat. no. 5210-0174) and goat anti-mouse IgG (1:5,000; cat. no. 5210-0185; KPL, Inc.) secondary antibodies. Protein bands were visualized by Immobilon Enhanced Chemiluminescence (EMD Millipore). β-actin was used as the loading control. Optical density values of the protein bands were semi-quantified and analyzed using a gel image processing system Image Lab software (version 3.0; Bio-Rad Laboratories, Inc.).

### Dual-luciferase reporter assay

A Dual-Luciferase Reporter assay system (Promega Corporation) was used to detect the binding between miR-33a-5p and lncRNA NEAT1 or 3′-untranslated region (UTR) of HIF1α according to the manufacturer\'s protocol. HemECs (5×10^5^ cells/well) were added to a 6-well plate and cultured with 5% CO~2~ at 37°C. After 24 h, cells were co-transfected with the pGL3-NEAT1 WT, or pGL3-NEAT1 Mut (pGL3-HIF1α 3′UTR WT or pGL3-HIF1α 3′UTR Mut) and miR-33a-5p mimic/mimic NC using Lipofectamine^®^ 3000 (Thermo Fisher Scientific, Inc.) according to the manufacturer\'s protocol. Following incubation for 48 h at 37°C, luciferase activities were measured. The firefly luciferase enzyme activity was normalized to *Renilla* luciferase enzyme activity.

### StarBase database

The starBase v2.0 database (<http://starbase.sysu.edu.cn/>) is a powerful database to study non-coding RNAs, such as lncRNA, miRNA and circRNA. The starBase database was used to predict the binding between NEAT1 and miR-33a-5p, and between miR-33a-5p and the 3′UTR of HIF1α.

### Statistical analysis

Statistical analyses were performed using GraphPad Prism software (version 6; GraphPad Software, Inc.). Data are presented as the mean ± SD. Student\'s t-test and ANOVA (followed by Tukey\'s post hoc test for multiple comparisons) were used to analyze the differences. Correlations were analyzed by Pearson\'s correlation coefficient. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### NEAT1 and HIF1α expression levels are increased and miR-33a-5p expression is decreased in IH tissues

To investigate the associations between NEAT1, HIF1α and miR-33a-5p during IH, the expression levels of the three molecules were detected in normal skin, proliferating phase IH and involuting phase IH tissues by RT-qPCR. NEAT1 was significantly upregulated in IH tissues compared with normal skin tissues ([Fig. 1A](#f1-mmr-22-04-3358){ref-type="fig"}), and its expression was also significantly higher in proliferating phase IH tissues compared with involuting phase IH tissues ([Fig. 1A](#f1-mmr-22-04-3358){ref-type="fig"}). By contrast, the expression of miR-33a-5p was significantly lower in IH tissues compared with normal skin tissues ([Fig. 1B](#f1-mmr-22-04-3358){ref-type="fig"}), and its expression in proliferating phase IH tissues was significantly lower compared with involuting phase IH tissues ([Fig. 1B](#f1-mmr-22-04-3358){ref-type="fig"}). HIF1α expression was significantly increased in IH tissues compared with normal skin tissues ([Fig. 1C](#f1-mmr-22-04-3358){ref-type="fig"}), and the expression of HIF1α in proliferating phase IH tissues was also significantly higher compared with involuting phase tissues ([Fig. 1C](#f1-mmr-22-04-3358){ref-type="fig"}).

### Depletion of NEAT1 mRNA suppresses HemEC proliferation, migration and invasion

The effects of NEAT1 siRNA transfection on HemEC proliferation, migration and invasion were assessed using the CCK-8, Transwell and Matrigel assays, respectively. First, the efficiency of NEAT1 mRNA depletion by two NEAT1-targeting siRNAs was verified by RT-qPCR ([Fig. 2A](#f2-mmr-22-04-3358){ref-type="fig"}). NEAT1-depleted HemECs exhibited significantly decreased proliferation compared with the NC group ([Fig. 2B](#f2-mmr-22-04-3358){ref-type="fig"}). The results of the Transwell and Matrigel assays suggested that the migration and invasion of HemECs were also markedly suppressed by depletion of NEAT1 mRNA expression levels ([Fig. 2C and D](#f2-mmr-22-04-3358){ref-type="fig"}).

### NEAT1 regulates HIF1α expression by sponging miR-33a-5p in HemECs

RT-qPCR results indicated that depletion of NEAT1 significantly increased the expression levels of miR-33a-5p and significantly decreased the mRNA expression of HIF1α ([Fig. 3A and B](#f3-mmr-22-04-3358){ref-type="fig"}, respectively). Western blotting results further demonstrated that depletion of NEAT1 decreased HIF1α protein expression levels ([Fig. 3C and D](#f3-mmr-22-04-3358){ref-type="fig"}). Subsequently, a dual-luciferase assay was performed to evaluate the associations between NEAT1, miR-33a-5p and HIF1α. Bioinformatics analysis conducted using the StarBase database suggested that miR-33a-5p could bind to NEAT1 ([Fig. 3E](#f3-mmr-22-04-3358){ref-type="fig"}). Results from the dual-luciferase assay suggested that the luciferase activities of wild-type NEAT1 were decreased by miR-33a-5p mimic compared with the miRNA NC group ([Fig. 3F](#f3-mmr-22-04-3358){ref-type="fig"}). However, in the mutated NEAT1 group, the luciferase activities were not significantly altered in the miR-33a-5p mimic group compared with the NC group ([Fig. 3F](#f3-mmr-22-04-3358){ref-type="fig"}). The starBase database also predicted binding sites between miR-33a-5p and the 3′UTR of HIF1α ([Fig. 3G](#f3-mmr-22-04-3358){ref-type="fig"}). The luciferase activity of the HIF1α 3′UTR-WT + miR-33a-5p group was lower compared with the HIF1α 3′UTR-WT + NC group ([Fig. 3H](#f3-mmr-22-04-3358){ref-type="fig"}). However, in the HIF1α 3′UTR-Mut group, the luciferase activities of the miR-33a-5p mimic group were not significantly different compared with the NC group ([Fig. 3H](#f3-mmr-22-04-3358){ref-type="fig"}). Notably, the expression of miR-33a-5p was negatively correlated with NEAT1 and HIF1α expressions in IH tissues ([Fig. 3I and J](#f3-mmr-22-04-3358){ref-type="fig"}, respectively).

### Overexpression of miR-33a-5p or depletion of HIF1α suppresses HemEC proliferation, migration and invasion

The effects of miR-33a-5p overexpression and HIF1α depletion on HemEC proliferation, migration and invasion were assessed. RT-qPCR results indicated that miR-33a-5p mimic transfection significantly increased the expression of miR-33a-5p in HemECs ([Fig. 4A](#f4-mmr-22-04-3358){ref-type="fig"}), which significantly inhibited HemEC proliferation, migration and invasion ([Fig. 4B-D](#f4-mmr-22-04-3358){ref-type="fig"}, respectively). HIF1α siRNA transfection resulted in decreased HIF1α mRNA and protein expression levels compared with the NC group ([Fig. 3E-G](#f3-mmr-22-04-3358){ref-type="fig"}). HIF1α depletion also significantly suppressed HemEC proliferation, migration and invasion ([Fig. 4H-J](#f4-mmr-22-04-3358){ref-type="fig"}). Furthermore, miR-33a-5p overexpression downregulated the mRNA and protein expression levels of HIF1α ([Fig. 4K and L](#f4-mmr-22-04-3358){ref-type="fig"}).

### NEAT1/miR-33a-5p/HIF1α axis regulates the NF-κB signaling pathway

The effects of the NEAT1/miR-33a-5p/HIF1α axis on the NF-κB signaling pathway were also investigated. Western blotting results indicated that the depletion of NEAT1 or HIF1α ([Fig. 5A and C](#f5-mmr-22-04-3358){ref-type="fig"}, respectively) and the overexpression of miR-33a-5p ([Fig. 5B](#f5-mmr-22-04-3358){ref-type="fig"}) significantly inhibited the phosphorylation of p65 NF-κB compared with the respective NC groups. Similarly, the depletion of NEAT1 or HIF1α and the overexpression of miR-33a-5p decreased the mRNA expression levels of c-myc ([Fig. 5D-F](#f5-mmr-22-04-3358){ref-type="fig"}).

Discussion
==========

A number of lncRNAs have been reported to display important roles during IH progression. For example, the lncRNA linc00342 enhances HemEC proliferation and suppresses HemEC apoptosis by sponging miR-3619-5p and increasing the expression of its target gene hepatoma-derived growth factor ([@b22-mmr-22-04-3358]). Higher expression levels of lncRNA urothelial cancer-associated 1 (UCA1) have previously been detected in proliferating phase hemangioma samples compared with involuting phase hemangioma samples ([@b23-mmr-22-04-3358]). UCA1 depletion decreased EOMA mouse hemangioendothelioma endothelial cell viability, migration and invasion, and also promoted EOMA cell apoptosis by regulating miR-200c ([@b23-mmr-22-04-3358]). However, the roles and mechanisms underlying NEAT1 during IH are not yet completely understood.

The results of the present study indicated that the expression of NEAT1 was higher in IH tissues compared with normal skin tissues, in particular in proliferating phase samples compared with involuting phase samples. *In vitro* studies indicated that NEAT1 depletion inhibited HemEC proliferation, migration and invasion. The starBase database predicted that NEAT1 may function as a sponge for miR-33a-5p and further regulate downstream HIF1α. The results of the present study further suggested the binding between miR-33a-5p and NEAT1, as well as between miR-33a-5p and the 3′UTR of HIF1α.

miR-33a-5p expression is downregulated in prostate cancer tissues, and low expression levels are positively associated with poor prognosis and bone metastasis-free survival ([@b24-mmr-22-04-3358]). miR-33a-5p, which was transcriptionally suppressed by zinc-finger E-box-binding homeobox 1 overexpression in prostate cancer, affected migration, invasion and the epithelial-to-mesenchymal transition of cancer cells ([@b24-mmr-22-04-3358]). During colorectal cancer, miR-33a-5p is also downregulated, and its overexpression significantly suppressed colorectal cancer cell proliferation, colony formation, G~1~/S progression and migration ([@b25-mmr-22-04-3358]). To the best of our knowledge, the present study suggested for the first time that miR-33a-5p was downregulated in IH tissues and inactivated by binding to an abundant amount of lncRNA NEAT1.

HIF1α plays important roles during the development of IH. HIF1α is significantly upregulated in proliferating IH tissues compared with involuting IH tissues, and an *in vitro* study indicated that hypoxia upregulated HIF1α expression in hemangioma stem cells ([@b26-mmr-22-04-3358]). Curcumin-mediated HIF1α downregulation inhibits cell proliferation and induces infantile hemangioma endothelial cell apoptosis ([@b18-mmr-22-04-3358]). The results of the present study suggested that HIF1α was highly expressed in IH tissues, and the expression levels of HIF1α in proliferating IH tissues were higher compared with involuting IH tissues. The results also further suggested that depletion of NEAT1 mRNA downregulated HIF1α, and this may be through sponging miR-33a-5p during IH, although further studies are needed to confirm this. A previous study reported that NEAT1 bound and inactivated miR-186-5p thereby upregulating HIF1α and promoting cell proliferation and invasion during osteosarcoma ([@b21-mmr-22-04-3358]). Collectively, the aforementioned studies suggested that NEAT1 regulated HIF1α through different mechanisms in different types of cancer.

The NF-κB signaling pathway serves important roles during cancer progression ([@b27-mmr-22-04-3358],[@b28-mmr-22-04-3358]). The expression levels of NF-κB (p65), p-NF-κB inhibitor-α (IκBα) and p-NF-κB inhibitor-β (IKKβ) were higher in proliferative hemangioma compared with involutional hemangioma ([@b29-mmr-22-04-3358]). Propranolol treatment could decrease the expression of NF-κB (p65), and inhibit the phosphorylation of IκBα and IKKβ *in vitro* and *in vivo* during IH ([@b30-mmr-22-04-3358]). Inactivating the NF-κB signaling pathway further decreased vascular endothelial growth factor A expression levels in IH-derived stem cells ([@b31-mmr-22-04-3358]). The results of the present study indicated that the NF-κB signaling pathway could be regulated by lncRNA NEAT1 during IH.

The present study suggested that lncRNA NEAT1 depletion suppressed the tumorigenesis of infantile hemangioma by competitively binding miR-33a-5p to stimulate the HIF1α/NF-κB signaling pathway. Therefore, blocking the NEAT1/miR-33a-5p/HIF1α signaling pathway may represent a potential antitumor therapeutic strategy.
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![NEAT1 and HIF1α are highly expressed, and miR-33a-5p expression is decreased in IH tissues. The expression levels of (A) NEAT1, (B) miR-33a-5p and (C) HIF1α were analyzed by reverse transcription-quantitative PCR. The data were analyzed by ANOVA followed by Tukey\'s post hoc test. \*\*P\<0.01 and \*\*\*P\<0.001. HIF1α, hypoxia-inducible factor 1α; IH, infantile hemangioma; miR, microRNA; NEAT1, nuclear paraspeckle assembly transcript 1.](MMR-22-04-3358-g00){#f1-mmr-22-04-3358}

![NEAT1 depletion suppresses HemEC proliferation, migration and invasion. (A) The expression levels of NEAT1 were analyzed by reverse transcription-quantitative PCR following siRNA transfection. (B) The relative proliferation of HemECs were analyzed using a Cell Counting Kit-8 assay. (C and D) The migratory and invasive abilities of HemECs were analyzed using Transwell and Matrigel assays, respectively. The data were analyzed by ANOVA followed by Tukey\'s post hoc test. \*\*P\<0.01 and \*\*\*P\<0.001 vs. NC group at the same time point or as indicated in figure. HemEC, hemangioma endothelial cells; NEAT1, nuclear paraspeckle assembly transcript 1; NC, negative control; si, small interfering RNA.](MMR-22-04-3358-g01){#f2-mmr-22-04-3358}

![NEAT1 regulates HIF1α expression by sponging miR-33a-5p in HemECs. The expression levels of (A) HIF1α mRNA and (B) miR-33a-5p were analyzed by reverse transcription-quantitative PCR in NEAT1-siRNA transfected cells. (C and D) The protein expression level of HIF1α was analyzed by western blotting in NEAT1-siRNA transfected cells. (E) The predicted binding site between NEAT1 and miR-33a-5p. (F) A dual-luciferase activity assay was conducted to assess the binding affinity between NEAT1 and miR-33a-5p. (G) The predicted binding site between miR-33a-5p and the 3′UTR of HIF1α. (H) A dual-luciferase activity assay was conducted to assess the binding affinity between miR-33a-5p and the 3′UTR of HIF1α. Correlations were determined between (I) miR-33a-5p and NEAT1 or (J) miR-33a-5p and HIF1α expression levels. \*\*\*P\<0.001. HemEC, hemangioma endothelial cells; HIF1α, hypoxia-inducible factor 1α; miR, microRNA; Mut, mutant; NC, negative control; NEAT1, nuclear paraspeckle assembly transcript 1; si, small interfering RNA; UTR, untranslated region.](MMR-22-04-3358-g02){#f3-mmr-22-04-3358}

![miR-33a-5p overexpression or HIF1α depletion suppresses HemEC proliferation, migration and invasion. (A-C) HemECs were transfected with miR-33a-5p mimics or miRNA NC. (A) The expression levels of miR-33a-5p were analyzed by RT-qPCR. (B) The relative proliferation was analyzed using a CCK-8 assay. (C) Migratory and (D) invasive abilities were analyzed by Transwell and Matrigel assays, respectively. (F-J) HemECs were transfected with HIF1α or NC siRNAs. (E) The expression levels of HIF1α were analyzed by RT-qPCR. (F and G) The protein expression levels of HIF1α were analyzed by western blotting. (H) The relative proliferation of HemECs was analyzed using a CCK-8 assay. (I) Migratory and (J) invasive abilities of HemECs were analyzed by Transwell and Matrigel assays, respectively. HemECs were transfected with miR-33a-5p mimics or miRNA NC and the expression levels of HIF1α (K) mRNA were analyzed by RT-qPCR and (L) protein was analyzed by western blotting. \*\*P\<0.01 and \*\*\*P\<0.001 vs. NC group at the same time point or as indicated in figure. CCK-8, Cell Counting Kit-8; HemEC, hemangioma endothelial cells; HIF1α, hypoxia-inducible factor 1α; miR, microRNA; NC, negative control; RT-qPCR, reverse transcription-quantitative PCR; si, small interfering RNA.](MMR-22-04-3358-g03){#f4-mmr-22-04-3358}

![NEAT1/miR-33a-5p/HIF1α axis regulates the NF-κB signaling pathway. The protein expression levels of p-NF-κB (p65) and NF-κB (p65) were analyzed by western blotting following transfection of HemEC cells with (A) NEAT1 siRNAs, (B) miR-33a-5p mimics or (C) HIF1α siRNA. The mRNA expression levels of c-myc were analyzed by reverse transcription-quantitative PCR following transfection of HemEC cells with (D) NEAT1 siRNAs, (E) miR-33a-5p mimics or (F) HIF1α siRNA. \*\*P\<0.01 and \*\*\*P\<0.001. HIF1α, hypoxia-inducible factor 1α; miR, microRNA; NC, negative control; NEAT1, nuclear paraspeckle assembly transcript 1; si, small interfering RNA.](MMR-22-04-3358-g04){#f5-mmr-22-04-3358}
